Introduction {#S1}
============

The first epidemic of Caripito itch was reported from French Guiana in 1912 ([@R7]), based on observations of the physicians Devez and Henry describing the simultaneous occurrence of dermatitis human cases and "bad moths" infestations. The first clinical description of the urticarial dermatitis caused by *Hylesia metabus* (Cramer, 1775) was also made in French Guiana ([@R36]). One hundred years after these first reports, the epidemics of dermatitis caused by *H. metabus* are still recurrent in French Guiana. In 2011, an *H. metabus* infestation started in June in the small towns of Sinnamary and Iracoubo (French Guiana) and created a strong nuisance with dermatitis problem to their inhabitants and visitors. This episode was estimated exceptional for its duration and intensity and was followed by a mobilization of the population requesting the immediate implementation of control measures. Consequently, the "Direction Générale de la Santé" at the French Ministry of Health commissioned an advice to the newly created "Centre National d'Expertise sur les Vecteurs". This advice ([@R9]) was based on the knowledge acquired on *H. metabus* during this expertise by a working group, with special emphasis on the surveillance and control tools. This advice pointed out the lack of scientific data on *H. metabus* bionomics and on the infestation driving variables. Both should be deeply investigated to better control this problem.

Lepidopterism {#S2}
=============

Most of the Lepidoptera species, either as caterpillars or adults are considered of little medical importance because they are not vectors of pathogens for humans and animals and not responsible of nuisance. Consequently this group is the matter of few studies in the area of medical or veterinary entomology. However, among this large group of insects, a few of them can cause severe clinical manifestations, mostly dermatologic injuries, known as lepidopterism. The venomous Lepidoptera are classified into two groups, the phanerotoxic and the cryptotoxic species according to the presence or absence respectively of an external apparatus (hairs, setae) producing the toxic substance ([@R65]; [@R11]). The cryptotoxic species are harmful only through ingestion. In France, most of the dermatologic manifestations due to Lepidoptera are caused by caterpillars such as the processionary pine caterpillars (*Thaumetopoea pityocampa*). However, contact with adults can also result in urticant or vesicant clinical manifestations. For other species such as *H. metabus*, both caterpillars and adults are dangerous for humans. According to the stage of the insect, caterpillar or adult, the dermatitis is called erucism or lepidopterism respectively.

Cases of lepidopterism are reported worldwide, in Africa due to the moths *Anaphe* sp., in Asia with *Euproctis* sp., in Australia with the Zygaenidae family and also in Europe as described above ([@R35]; [@R28]; [@R4]). But, the most severe manifestations are observed in Southand Central-America, all caused by species of the genus *Hylesia* ([@R15]; [@R37]; [@R68]; [@R30]). In French Guiana, lepidopterism epidemics are caused by the species *H. metabus*, also called "papillon cendre" *i.e.* ashen moth or "yellowtail moth", respectively due to the urticant micro-arrow setae ("ashes") that are thrown away when flying and to the colour of the abdomen. This phanerotoxic Lepidoptera is responsible of the lepidopterism called "yellowtail moth dermatitis". This affection is known as "papillonite" in French Guiana ([@R62]) and "Caripito itch" in Venezuela from the port town of Caripito providing in Venezuela the first identification of numerous clinical manifestations ([@R13]).

Taxonomy and systematics of *H. metabus* {#S3}
========================================

The genus *Hylesia* includes about 110 species with 28 species reported from French Guiana ([@R37]). However, this list is changing because two other species had been recently observed in French Guiana: *Hylesia moronensis* Lemaire 1976 and *Hylesia humilis* Dogin 1923 (F. Bénéluz, pers. com.). *Hylesia metabus* belongs to the Family Saturniidae (= Attacidae) and Sub-Family Hemileucinae. *Hylesia urticans* is synonymous of *Hylesia metabus*. This moth is commonly called "palometa peluda" in Venezuela. Sexual dimorphism is observed among the adults, with females being bigger with short stub-like antennae and a voluminous abdomen covered by urticating micro-arrow setae. Males are smaller with long dendritic antennae and no-urticating setae.

Urticating apparatus of H*. metabus* {#S4}
====================================

[@R62] made the first identification of the females of *H. metabus* as the causing agents of the "papillonite" dermatitis. He observed that a skin contact with the *H. metabus* caterpillars was followed by an urticarial dermatologic manifestation, in red patch, localized at the contact point. The same contact with a male moth was followed by a similar reaction that persisted for a few hours. The skin reactions with the *H. metabus* caterpillars and males were in all cases less harmful compared with the dermatologic manifestations due to contacts with the females.

The urticant apparatus of the *H. metabus* female is constituted by micro-arrow setae or spines covering the abdomen ([@R33]). The primary function of the urticant setae is to cover the batch of eggs and protect the nest from predators. These setae are produced by differentiated cells (called trichogene and tormogene cells), forming a monocell hypoderm similar to the hypoderm producing the scales. These setae can thus be assimilated to transformed scales ([@R41]; [@R46]) or true setae ([@R4]). [@R52] described four types of abdominal setae for the *H. metabus* female, among which two are urticant. The setae S1 and S2, 2,000 and 155 μm long respectively, and on dorsal position, are not urticant. The setae S1, S3 and S4 are found on ventral position. The S3 setae, 190 μm long and 8 μm wide are straight with thin barbed tips apex orientated and are urticant. These micro-arrow setae cover densely the abdominal segments (about 50,000 setae/mm2 on the abdominal segments 4 to 7) ([@R32]; [@R46]; [@R52]). The S3 setae have an apical drain that may deliver the urticant substance, even without being broken ([@R34]). The S4 setae, 1 mm long and 60 μm wide, are arc-shaped, flat, with thin barbed tips apex orientated, and are also urticant. The apex is differentiated in a thin cylindrical tube delivering the urticant substance. The S4 setae are the only setae covering the sides of the female abdomen with a density of about 3,500 setae/mm2. The S4 setae are the protective setae for the egg batches. The base of the S3 and S4 setae is lightly attached to the abdominal tegument, so they can detach easily and be thrown away. The S1 setae are the only setae found on the abdomen of the *H. metabus* males.

The composition of the urticant substance has been investigated with contradictory results. Some of them proposed a role for the histamine ([@R12]) and other studies did not (Benaim-Pinto *et al.*, 1992; [@R65]; [@R40]). However, the clinical manifestations such as the necrosis of epidermic and dermic cells and the delayed cutaneous manifestations, suggest the presence of proteolytic enzymes (Benaim-Pinto *et al.*, 2002; [@R4]). Lundberg *et al.* (2002, 2007) have partially isolated a serine protease with kallikrein-like action. This enzyme increases the vascular permeability and creates inflammation and pains at the inoculation point. But, according to [@R40], other proteins are involved in the mechanisms of action of the venomous substance.

Clinical manifestations of the *H. metabus* dermatitis {#S5}
======================================================

The "papillonite" dermatitis caused by *H. metabus* is not fatal and only rare cases are hospitalized. The "papillonite" is thus mostly considered as a nuisance and not as major public health problem. This attitude has important consequences in decisionmaking terms for prevention and control measures.

The skin contact with urticating micro-arrow setae causes several clinical symptoms and some of them are severe. A large range of dermatological manifestations has been reported ([@R6]). The first manifestations are mainly an urticaria or papulovesicular dermatitis, occurring about 15 to 20 minutes after the exposition, and persisting for about seven days ([@R61]). In some observations, the dermatitis persists from 12 hours to one year ([@R45]). [@R14] reported that the injuries disappear in one or two days for the French Guiana inhabitants and can persist for seven days in the newly arrived population, in particular after a first contact. A delayed inflammatory cutaneous reaction is possible with bacterial secondary infection consecutive to itching.

The contamination happens through a direct skin contact with the moths or an indirect contact with the micro-arrow setae transported by winds or laid down in the environment (on furniture, towels, clothes, dishes, spider web, swamps water, etc.). The microarrow setae can keep their urticant nature several weeks, and maybe years after being detached from the moth. Indeed, a man experienced a serious hypersensitivity reaction when using its air conditioning system two months after the moth infestation ([@R20]). [@R65] also reports a cutaneous reaction after handling a female that was kept in collection since five years. Secondary injuries can also appear in cutaneous areas that were not exposed to the urticant setae, through manual transportation and/or toxin diffusion with sweat ([@R14]). Eyes complications were also observed with weeping, photosensitivity, conjunctivitis and keratitis ([@R14]). In a few case, respiratory tract affection was reported on susceptible persons or because the upper respiratory tract were directly exposed ([@R14]; [@R13]), but no long-term manifestations were observed ([@R54]). Only one Quincke's oedema has been reported (Michel, 1981 *in* [@R14]) and even if no anaphylactic shock was mentioned, some authors do not exclude this event ([@R45]). Other systemic manifestations can also occur, such as nausea, fever, dizziness, tiredness and arthralgia ([@R54]; [@R40]; [@R45]).

Therapeutics {#S6}
============

The medical treatment of the dermatitis manifestations due to the contact with *H. metabus* toxins is essentially symptomatic ([@R24]; [@R28]; [@R45]). The methods usually employed for the treatment of allergic reactions seem poorly efficient ([@R20]; [@R61]; [@R45]) and topic corticoids or oral use of anti-histaminic substances have a low efficacy ([@R28]). Some physical actions can relieve the patient pains, such as a very hot bath immediately after the exposition, maybe because of the thermolabile nature of the venomous substance. Frictions with aqueous solution of sodium hyposulfite (40-50 %) or cold water applied just after the first symptoms appearance can also relieve the itch. Other natural solutions were also reported, such as limejuice against the cutaneous symptoms, but the real efficacy of these means was not scientifically evaluated ([@R61]). Finally, an early extraction of the micro-arrow setae with adhesive rubber was also proven to relieve itching manifestations ([@R45]).

Ecology of *H. metabus* {#S7}
=======================

The ecology of the moth *H. metabus* in French Guiana was studied by [@R7] and [@R65]. Now, only scientific teams of Venezuela are carrying out research studies on this moth, through a multidisciplinary project ([@R15]; [@R43]; [@R59]; [@R60]).

Geographical distribution {#S8}
-------------------------

The genus *Hylesia* is exclusively neotropical and extensively distributed from north of Mexico to Argentina. According to [@R37], the species *H. metabus* is frequent at low altitudes in all South- America (French Guiana, Venezuela, Brazil, Ecuador, Peru and Bolivia) with the exception of the pacific side of the Andes Mountains, the southeast of Brazil and the semi-arid and arid zones. However, [@R65] found *H. metabus* in very small densities in the Amazonian forest. All authors agree on the development of moth infestations only in the coastal areas covered by mangrove between the Orinoco (north) and Amazon (south) deltas ([@R20]; [@R29]; [@R65]; [@R16]) and also in Trinidad and Tobago ([@R48]).

Biology of *H. metabus* {#S9}
-----------------------

The developmental cycle of *H. metabus* has three months duration, and thus four generations are reported each year. Each generation is almost synchronized and not overlapping with others, and the four generations appear regularly at fixed period during the year. In French Guiana, the adult moth emergences occur in January, April, July and October. The discrepancy of this cycle is exceptional, but may happen during periods with small densities. Nevertheless, during infestation periods (high densities), the presence of *H. metabus* females can persist for about four consecutive weeks ([@R65]).

About 200 to 300 *H. metabus* eggs are deposited by a female in a single batch ([@R65]). Immediately after the oviposition, the female covers the eggs with a layer of micro-arrow setae ([Fig. 1](#F1){ref-type="fig"}). After 19 to 25 days, the eggs hatch and the larval development, that includes seven stages, has a duration varying between 40 to 50 days. During all larval stages the caterpillars are phytophagous, and gregarious allowing synchronized metamorphosis from one stage to the other until stage 4, for all individuals belonging to the same batch of eggs. During the first three months of its life, the caterpillar remains at the lower side of the leaves and the first larval stages feed only this lower-side leaving a transparent thin layer on the upper-side ([@R62]). After the fourth larval stage, the feeding period (between 4 p.m. and 10 a.m.) takes turn with resting period on treetrunks during the warmer hours of the day (between 10 a.m. and 4 p.m). A processionary behavior has also been reported when the caterpillars leave the treetrunks, and patches of hundred or thousands of sameage caterpillars resting on shaded trunks were observed.Fig. 1.A. Egg-nest of *Hylesia metabus* covered by setae; B. Neewly hatched larvae of *Hylesia metabus*; C. Fourth and fifth instar larvae of *Hylesia metabus*; D. Adult female of *Hylesia metabus* adopting a defensive posture.

Between the larval and adult stages, the pupal stage has a duration of 15 to 20 days. The emergence of males occurs about 5 days before the female emergence. The adults have a short life of three to six days. As with all Saturniidae, the adult mouthparts are vestigial and digestive tracts are absent. Both sexes subsist without ingestion of food. During the daytime, the adult moths rest at ground level. The flying activity is crepuscular and just after sunset (7 to 8 p.m.). However, during strong infestations, the moths can be active until 11 p.m. The females are attracted by light, in particular the gravid females. White light is more attractive than yellow or orange lights. The adults can fly for several kilometres because caterpillars were found in the Devils' Islands, situated at 11 km from the French Guiana coast ([@R64]) and *H. metabus* populations went across the Gulf of Paria for 14 km, between Trinidad and Venezuela ([@R48]). The eventual role of winds in such flights is unknown.

The mating of *H. metabus* is under the control of sex pheromones produced by females and attracting males. Electroantennographic studies have shown the biological activity on males of extracts from female abdominal apex ([@R27]). The pheromone composition has been investigated and some compounds were isolated and identified: 5-eicoseno, 1-octadecanol and 1-eicosanol ([@R38]). In Venezuela, differences in the pheromones composition were found for populations from the State of Sucre and the State of the Delta Amacuro. These phenotypic differences suggest the existence of genetic differences. Mating takes place the first night after the female emergence, and the females are inseminated only once ([@R65]). Other reproductive features such as mating behaviour, mating period, oviposition behaviour and primary sex-ratio were studied by [@R15].

Ecology of *H. metabus* {#S10}
-----------------------

In French Guiana, *H. metabus* is found both in the coastal zones of mangrove and in the inland forested areas. But, both adult populations present colour differences and relationships/exchanges between these populations are unknown. The massive infestations are only due to moths originating from mangrove areas. However, the forest population densities vary in the same way as the coastal populations even if they remain smaller ([@R65]).

The mangroves are aquatic and forested ecosystems. In the inter-tropical Atlantic coastal zones, these ecosystems include at least ten species of tree-like plants and five of them are present in French Guiana ([@R23]). These ecosystems are found in almost all the alluvial coastal zone ([@R18]) representing an area of 140,000 hectares (about 1 % of the forest of French Guiana). The five mangrove species are:*Laguncularia racemosa* (Combretacea), mangrove tree of the seafront, colonizing the banks of mud originated from sedimentation and stabilization of the Amazonian mud and circulating along the French Guiana coast;*Avicennia germinans* (Avicenniacea) or white mangrove, the most abundant species of the French Guiana mangroves colonizing the more stable part of the mangrove, less submitted to the tides and swell influence. These white mangrove trees can reach 20 meters high and are characterized by a fast-growing potential and a stronger halotolerance. Consequently, *A. germinans* surpasses rapidly *L. racemosa* restricted to the smaller coastal fringe ([Fig. 2](#F2){ref-type="fig"}). In French Guiana, the leaves biomass of *A. germinans*, with weak tannin concentrations, are the main feeding resource of *H. metabus* caterpillars;Fig. 2.Graphical representation of the mangrove of Guatemala in French Guiana ([@R65]).1: Ocean; 2: Mud bank in sedimentation; 3: Young mangrove; 4: Sand zone from an old barrier beach;5: Aged mangrove breeding site of *Hylesia metabus*; 6: Old barrier beach; 7: Cultivated area; 8: Road.*Rhizophora mangle*, *Rhizophora racemosa* and *Rhizophora harrisonii*, three species of the Rhizophoracea family, or red mangroves, characterized by their stilt roots and the red colour of their wood and sap. In French Guiana, the species of *Rhizophora* cannot be differentiated from morphological criteria out of the flowering season. These species are not adapted to salinity and are essentially found along the rivers, where they can exist away from the coasts. They develop tough leaves, rich in tannins, wax and secondary metabolites ([@R26]).

The mangrove ecosystems of French Guiana have not been deeply investigated for their animal community either permanent or temporary. The aquatic fauna that uses the mangrove for feeding or protection was better described ([@R3]). The terrestrial fauna of mammals and birds, some of them more or less restricted to mangrove, were studied in a few areas. But, the invertebrate fauna and the insect fauna in particular remain mostly unstudied, with the exception of some blood-sucking Diptera such as Culicidae and Tabanidae and some social insects such as ants and termites that were studied for their implication in the litter mineralization process essential for the functional integrity of the mangrove ecosystem ([@R1]; [@R22]; [@R31]).

Feeding preferences of *H. metabus* {#S11}
-----------------------------------

During the periods where the *H. metabus* densities are small, the caterpillars feed almost exclusively on *A. germinans*. During the infestations periods and probably due to the lack of *A. germinans* material, the caterpillars become polyphagous (Silvain & Vassal, 1988): the caterpillars feed during several generations on other mangrove plant species such as *L. racemosa*, or even on savannah trees such as *Tapirira guianensis*, fruit trees such as *Citrus* sp and *Psidium guajava*. [@R65] proposed a list of more than 25 plant species belonging to 16 families as feeding sources for *H. metabus* caterpillars during the infestations periods. Some of these plants are also found close to the human habitations.

In Venezuela *H. metabus* was reported to feed preferentially on the species *R. mangle* (Rodriguez-Acosta 1998; [@R15]; [@R25]), but in French Guiana the moth caterpillars have never being found on this red mangrove characterized by high tannins concentrations in leaves, much more than in *A. germinans* and *L. racemosa*. However, [@R62] reported that caterpillars were accepting to feed on the red mangrove leaves in laboratory conditions.

Infestations of *H. metabus* {#S12}
----------------------------

The infestations are basically characterised by two processes. The emergence of adult moths is in densities much higher than usual. And, during the infestation periods, the moth dispersion is much extended than usual.

Infestations occur at irregular time intervals. The history of the infestations periods in French Guiana was reported by [@R65] and four periods separated by about 20 years were identified: 1912-1918, 1931-1934, 1950, 1968. From the 70s and during the following 20years, the reporting of the infestation periods was more exhaustive and the infestations seemed more frequent after the 70s ([@R65]). Then, between the infestation of 1989 ([@R65]) and the report of 2006, the data were more fragmented. Recently, infestation episodes were reported at the beginning of 2006 ([@R49]) and in October 2007 ([@R56]). Finally, the last infestation occurred between June and August 2011.

In Venezuela, the history of *H. metabus* infestations periods reported by [@R16] cannot be compared with the situation in French Guiana because observations were made for different periods, with the exception of the years 1997 to 1999, in which the exceptional infestations in Venezuela did not occur in French Guiana.

Our knowledge of the infestations of *H. metabus* in French Guiana is incomplete, in particular with the lack of epidemiological and entomological data. Globally, each infestation has about four weeks duration and includes two to three successive generations ([@R65]).

Furthermore, the changes in the human society, in particular the economic development leading to different professional habits, have an impact on the human exposure to this Lepidopterism. Indeed, most of dermatitis cases are linked to anthropization or anthropic activity taking place in the close surrounding of the mangrove: port activities ([@R16]; [@R24]), airport ([@R20]), European Space Center of Kourou ([@R20]; [@R64]), offshore oil facilities ([@R48]) or oil tankers sailing along the coasts ([@R13]; [@R24]).

The land settlement and the evolution of the French Guiana society are thus increasing the exposure of human populations to the *H. metabus* infestations, and this nuisance is now becoming a public health problem. In this last sense, the dermatitis due to *H. metabus* can be considered as an emerging disease with determinants found in the modification of the exposure context, mostly from anthropic and sociological origin and probably less from biological or ecosystemic changes. Furthermore, the human population acceptance of this nuisance is evolving. But, this phenomenon cannot be estimated due to the lack of sociological data on the nuisance perception, attitude and knowledge. These data should be collected among the different human communities of French Guiana.

Natural factors regulating *H. metabus* populations {#S13}
---------------------------------------------------

Predators of *H. metabus* caterpillars and pupae have been identified ([@R58]; [@R25]), among which the Reduviidae *Arilus cristatus* (Hemiptera: Reduviidae) was used as a biological control tool against the caterpillars in the Venezuelan mangrove ([@R42]). This Reduviidae species is also present in French Guiana but no predation on caterpillars was observed ([@R65]). Another Reduviidae species, *Harpactor angulosus* was observed predating caterpillars of *H. metabus* in Brazil ([@R47]). Again, this Reduviidae species is also present in French Guiana.

In the Northeast of Venezuela, several parasitoids have also been identified on *H. metabus* such as the Diptera species *Belvosia* spp. (Tachinidae) and *Sarcodexia lambens* (Sarcophagidae) ([@R25]). They could be of some interest in the development of biological control tools. In French Guiana, Chalcidoidea (Hymenoptera) insects were observed emerging from the *H. metabus* eggs collected in the mangrove of Sinnamary in September 2011 and brought to the laboratory; the specimens were females only, belonging to the Eulophidae family (B. Pintureau, pers. com.).

[@R42] identified several bacteria pathogenic for *H. metabus* and suggested that these bacteria, in particular the best candidate *Pseudomonas aeruginosa*, should be vectorized through predators for a better use as a biological control tool.

The fungus *Beauveria bassiana* was also reported as pathogenic against *H. metabus*.

In French Guiana, [@R65] identified virus (baculovirus) and bacteria from dead caterpillars collected in the field and brought to the laboratory. The bacteria was lately identified as *Bacillus thuringiensis israelensis* serotype H14 (Bti). Both virus and Bti could control the *H. metabus* populations, because during an infestation a 100 % mortality was observed on wild and laboratory bred caterpillars. A great proportion of the dead individuals were harbouring simultaneously the virus and the bacteria ([@R58]). This Bti strain isolated from field caterpillars was then tested under laboratory conditions for its pathogenic effect on *H. metabus*. The results have shown that *H. metabus* was very susceptible to this Bti ([@R67]). It was an unusual result for a Lepidoptera species since Lepidoptera are reputed to be not susceptible to *Bacillus thuringiensis israelensis* toxins. This finding may have important consequences on the development of new tools for the control of *H. metabus* and possibly other Lepidoptera.

Predation and parasitism do not appear as essential factors of regulation for the *H. metabus* populations. At the opposite, intrinsic epizootics were observed at the same time in mangrove and savannah breeding sites ([@R65]). The insect diseases could be supported by the decrease of the feeding resources and could stop an infestation. The periodicity of the infestations, that may occur each six months to four years, remains of undetermined causes.

Finally, the mechanisms regulating the population dynamics of *H. metabus*, either when increasing or decreasing are largely unknown. No regulating abiotic factor such as hydro-sedimentation dynamics or climatic data was clearly identified, but meso-climatic factors could influence the *H. metabus* infestations that seem more important during the dry season.

Control of *H. metabus* {#S14}
=======================

Light-traps {#S15}
-----------

Nowadays, the light-traps are the best tools to limit the impact of the moth infestations on human populations. These traps are based on the attractivity of the light for the moths and for the gravid females in particular ([@R65]). The light-traps can be placed such as a barrier between the mangrove where the moths are emerging and the human habitations. These traps are constructed from the classical moth-trap sampling model coupled with a killing device such as a water recipient containing detergent or waste oil where the moths drown, or a white cloth soaked with insecticide (deltamethrin) on which the moths are intoxicated.

During the light-trap use, other light sources (public and private lights) must be out or reduced to avoid the competition with the traps. For the best efficacy of the light-traps, a complete light extinction is necessary in the inhabited zones. The importance of these complementary measures has been emphasized by several authors ([@R58]; [@R30]). The light-traps are the adult control tool the most efficient compare to the spraying of malathion or water with fire hose nozzle on walls where moths are resting ([@R64]). However, the light power must be sufficient and the light emission must be included in wavelength between 500 to 550 nm, corresponding to a blue-green light, which is the most attractive for the moths ([@R17]). Indeed the moths are more attracted by mercury-vapour and metal halide lamps than sodium-vapour lamps, even if high-pressure sodium lamps have a large spectrum and emit in the green as well. The low-pressure sodium lamps, in the contrary have a narrow spectrum, centred on the 598 nm wavelength and emit on orange, being thus less attractive for the moths. So, when it is not possible to extinct all light sources during the periods of females activity, it is recommended to use light sources of low intensity with emission on orange. Finally, if the number of light-traps has to be sufficiently important to attract as much as possible *H. metabus* females, these traps must also be placed at reasonable distances from each other to avoid competition and lost of confused moths wandering between traps. The same moth confusion was observed when moonlight decreases light-trap attractivity ([@R51]).

Control of the adults with insecticide {#S16}
--------------------------------------

Deltamethrin spraying is usually forbidden in humid zones due to its ecological impact and toxicity for aquatic fauna (shellfish and fish in particular). But, this insecticide can be used in areas distant of the humid zones and could be added to the control tools, at least in special cases such as the control of the adults resting during the day on the buildings' walls (either outdoors or indoors), or the control of the moths wandering in the vicinity of the light-traps ([@R65]; [@R21]). This insecticide is also used to soak the cloth of some light-traps (see above).

Other insecticides could also be used such as pyrethroids for their knock down effect. But substances or formulations enhancing the micro-arrow setae dispersion through exciting behaviour response of the moths, such as domestic sprays, are not recommended.

Control of the larval stages {#S17}
----------------------------

In the past, extended pyrethroid sprayings were carried out in the French Guiana mangrove with negative ecological consequences, in particular for the aquatic fauna ([@R65]). Actually, the large scale treatment in field conditions are authorized only with very selective products. The insecticides of microbiological origin (such as *Bacillus thuringiensis*) are now the only ones matching these criteria. Whatever the product, the more susceptible younger stages should be the target of the treatment. And, as a consequence, all control action must be based on an entomological surveillance system. The microbiological products actually available are:*Bacillus thuringiensis kurstaki* serotype H3a3b (Btk), known to be active against Lepidoptera and widely used in plant protection against the phytophagous caterpillars found on vegetables, fruits, ornamental plants and forests. Btk is presently used against the pine and oak processionary caterpillars as well as other defoliators Lepidoptera (van [@R63]; [@R5]; [@R8]). Btk is also used in Argentina against another urticant Lepidoptera of the genus *Hylesia*, *H. nigricans* ([@R55]). In French Guiana, Btk was sprayed several times for the control of *H. metabus* caterpillars with aerial, helicopter and microlighting sprayings and some operational recommendations could be estimated for formulation, dose, period and efficacy ([@R65]). This type of control is also efficiently implemented in Venezuela with information on the cost of the treatment (Osborn, 2002). Other results on the formulation, efficacy of Btk and most susceptible larval stages were succinctly reported ([@R44]). But, other data showed the negative impact of Btk on the fauna, in particular on the Lepidoptera family of Sphingidae ([@R10]) and Nymphalidae ([@R2]). It seems worth mentioning herein the regulatory framework of the use of Btk in Europe and therefore in French Guiana. On one hand, products containing Btk can be used as a plant protection product. The control of oak processionary caterpillars (*Thaumetopoea processionea*) falls into this category and is therefore intended -- from a regulatory point of view -- to protect forestry. On the other hand, biocidal products containing Btk as active substance are currently not authorized in the European Union for an insecticide use in sanitary purposes (Product-Type n° 18 according to the European legislation on biocidal products). Therefore, the Btk can not currently be used for the control of *H. metabus* in the mangroves of French Guiana.*Bacillus thuringiensis israelensis* serotype H14, (Bti) strain isolated from dead caterpillars of *H. metabus* ([@R65]). The pathogenicity of Bti toxins is well known for larvae of some species of Diptera such as the mosquitoes, but these toxins are generally nonpathogenic for Lepidoptera caterpillars. The pathogenic effect of Bti on *H. metabus* was surprising but demonstrated under laboratory conditions ([@R67]). Furthermore, the same studies have shown that the Bti (H14) strain isolated from field caterpillars was more pathogenic compared to the commercial strain of Btk (H3a3b). However, before any field treatment with Bti, further studies are needed to complete the available data on commercial Bti (Vassal, 1993). The surprising efficacy of Bti against *H. metabus* deserves further laboratory and field investigations, to precise the working concentrations and the susceptible larval stages. The pathogenic effect of the product could also be increased through a formulation allowing the insecticide fixation on the leaves of the trees where caterpillars are feeding and resting (this type of formulation is actually not available).

Research for an imrovement of the surveillance and control of *H. metabus* infestations {#S18}
=======================================================================================

Development of a targeted and efficient control {#S19}
-----------------------------------------------

Apart from the use of light-traps, the control of larvae represents the best option to prevent the *H. metabus* infestations, and Btk is actually the product of reference for this type of action. For an optimal efficacy, the younger larval stages should be targeted. However, the use of Bti could represent a very interesting opportunity, leaving safe the other Lepidoptera. The evaluation under natural conditions of Bti efficacy against the *H. metabus* caterpillars is thus a priority. But, its use is not easy due to the absence of commercial formulation adapted to caterpillars on tree leaves and precise definitions of the operational methods. Whatever the product, Btk or Bti, its environmental impact can be estimated only with a best knowledge of the mangrove fauna. It is also essential to note that all control action must respect the French and European regulations and this obligation can determine the choice of control methods regarding products and formulation authorizations.

Within the surveillance systems, the male feature of emergence a few days before females could be used through a pheromone-trap system, because *H. metabus* females emit a sexual pheromone that could be synthesized. This device may provide an interesting warning tool.

At the opposite, it is difficult to imagine a pheromonetrap that could create enough sexual confusion in males or collect enough males to negatively influence the density of the following generation, due to the high population densities observed during the infestation periods ([@R57]).

In a long-term overview, it appears fundamental to study the determinism of the *H. metabus* infestations, including the genetics, to improve the global control strategy. These studies must also include the dynamics of the ecosystems colonized by the caterpillars as well as the functional relationships between *H. metabus* populations and the mangrove system. Evolutionary questions (genetic flows, speciation, etc.) are of great interest considering the stable forest populations of *H. metabus*. Remote sensing modelling could also provide better spatial approach of the phenomenon and infestations simulations, with a special interest for areas where access is difficult.

Social determinants of *H. metabus* control {#S20}
-------------------------------------------

The social approach is an important element of the control strategies. Recent analyses have shown that the nuisance/vector prevention/control efficacy is widely based on the human population perception and acceptability of the actions implemented by public authorities. The exposure of humans to the *H. metabus* infestations is related not only to the moth densities but also to anthropic determinants such as collective behaviours and ways of life. These last factors are evolving with economical development, land settlement, social progress and the natural expectation of a better life level. Information campaigns and heath education promote the development of preventive attitudes that can reduce the contact between the urticant moth setae and human populations: reduction of light sources, regular cleaning of furniture exposed to the moth setae, wearing of protecting clothes ([@R54]; [@R48]).

In another hand, the social demand for environment preservation can also be antagonist with the population request of nuisance control. Consequently, the implementation of long-lasting measures, accepted by the human populations, necessitates to take into account several factors, cognitive, psychological and sociological, and to initiate a participative process for the conception of control management. [@R19] carried out studies on the knowledge and attitudes of the human populations related to *H. metabus* infestations, in the State of Amacuro delta in Venezuela. Apart information on the local perception, the study strongly suggested the community participation in the surveillance system of the mangrove colonized by the caterpillars and also of the domestic plants.

In French Guiana, no information on the human population perception of the health risk due to *H. metabus*, or even on the moth control, is available. The implementation of a control strategy accepted by local populations necessitates studies on the local perceptions and attitudes for this nuisance, as well as for the available control methods. Taking into account this social dimension may also promote preventive practices both collective and personal.

Implementation of a surveillance and warning system {#S21}
---------------------------------------------------

In French Guiana, an entomological warning system allowing the early implementation of *H. metabus* measures is a necessity. This alert will be helpful not only for control actions, but also for surveillance of epidemiological data. The results will then be used in the estimation of the public health burden due to *H. metabus* infestations and in the evaluation of the control actions efficacy. The entomological surveillance may be based on the observation of caterpillar patches and/or adult traps in mangrove swamps and around human settlements. A surveillance system proposed by [@R49] is considered as a first approach, easy and simple, that could be used immediately to survey the *H. metabus* infestations. This approach will be improved through field studies and best-adapted trapping-methods may be identified. Critical threshold are also needed to decide outbreaks and control actions.

Periodical flight above the mangrove breeding sites may be helpful in determining through infrared captors the leaves biomass indicating the level of feeding of the caterpillars on the *Avicennia* species. This indicator could be related to the infestations importance and timing.

Conclusive comments {#S22}
===================

In conclusion, it is stringent that the dermatitis called "papillonite" is at the intersection of three disciplines: (i) medical entomology for the public health impact of the dermatitis, (ii) agricultural and forestry entomology for the feeding of the tree leaves by the caterpillars, in particular the white mangrove trees, and (iii) the political ecology ([@R50]). This last field refers to the fact that complete protection of human populations against this nuisance/ health problem due to *H. metabus* is antagonist with the absolute protection of the environment including patrimonial areas such as the mangroves.

Choices have to be made, and if both protection strategies were placed distantly in a straight line, it is to the human populations to position the cursor between both strategies, taking into account all the aspects of the problem including the financial ones. The number of public stakeholders at different level of the sociopolitic structure of French Guiana (State, Region, Department, National Park, inhabitants, tourists, vector control agency, fishermen, hunters, nature protection agencies, etc.) will make difficult a consensus that is obviously evolutional.

This assessment emphasizes the necessity of interdisciplinary scientific collaboration in the preliminary studies and recommendations.
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